INTRODUCTION
Interstitial lung diseases (ILD), also called diffuse parenchymal lung diseases, are a group of more than 200 diseases characterized by fibrosis and inflammation of lung parenchyma and interstitium (1, 2) .
ILD has been classified into four groups: diseases with a known cause, granulomatous diseases, rare diseases, and idiopathic interstitial pneumonias (1) . Between idiopathic interstitial pneumonias, idiopathic pulmonary fibrosis (IPF), and idiopathic nonspecific interstitial pneumonia (NSIP) are the most commonly seen (3).
In IPF and idiopathic NSIP the radiologic patterns are UIP and NSIP, respectively. Radiologically, the UIP pattern is characterized by subpleural honeycombing, traction bronchiectasis, thickened interlobular septae predominantly at the peripheral, subpleural, and bibasilar lung fields. NSIP pattern is characterized with ground-glass opacities, rare consolidation, and lower lobe volume loss. Relative peribronchovascular distribution, a large extent of areas with ground-glass attenuation, and subpleural sparing are more highly seen in patients with NSIP, whereas a wide extent of honeycombing and subpleural distribution are more common characteristics in patients with UIP (4).
Collagen tissue disease associated-interstitial lung diseases (CTD-ILD) have similar clinical, radiological, and pathological findings to idiopathic ILDs; therefore, it is difficult to discriminate these two groups from each other (5-7). Also, some CTDs are present with ILD before the rheumatologic findings, meaning they can be misdiagnosed as idiopathic ILD (8) . Though autoantibodies are helpful for early diagnosis, more tests are required.
Nailfold capillaroscopy (NFC) is a noninvasive test that shows local microvascular changes. It is frequently used for early diagnosis of systemic sclerosis. The typical scleroderma pattern is characterized by decreased capillary density, neoangiogenesis (new bushy, bizarrely shaped loops), micro-hemorrhages, avascular areas, and the disorganization of capillary architecture (9, 10) .
Most of the studies showing specific NFC findings have involved patients with systemic sclerosis, polymyositis, and/or Reynaud's phenomenon (RP). There are several studies about NFC findings in patients with RA and primary Sjögren's syndrome (SJS); the typical scleroderma pattern is less common in this group of patients and is associated with the presence of RP (11) (12) (13) (14) (15) . But none of these studies show the relation between lung involvement and nailfold changes. When NFC findings in RA patients have been examined, elongated capillaries and a prominent subpapillary plexus have been reported as the most frequent capillaroscopic changes (16) . Capillaroscopic abnormalities in SJS range from nonspecific findings (crossed capillaries) to more specific findings (confluent hemorrhages and pericapillary hemorrhages) or scleroderma-type findings (13) .
There is one study that shows NFC differences in IPF patients and compares these findings between scleroderma-associated lung fibrosis and chronic obstructive pulmonary disease (COPD) patients (9) . There is no study about capillaroscopic findings in patients with the NSIP pattern.
We planned this study to find whether NFC findings could be a clue for discriminating the idiopathic ILD from CTD-ILD, and to determine whether NFC could be helpful to discriminate UIP patterns from NSIP patterns.
MATERIALS and METHODS

Patients
A total of 50 patients were included in the study. They were classified into 3 main groups and 6 subgroups: the idiopathic interstitial lung disease group (idiopathic-ILD) consisted of idiopathic pulmonary fibrosis (IPF) and idiopathic non-specific interstitial pneumonia (iNSIP) subgroups; the collagen tissue disease associated-interstitial lung disease (CTD-ILD) group consisted of rheumatoid arthritis associatedinterstitial lung disease (RA-ILD) and Sjögren's syndrome associated-interstitial lung disease (SJS-ILD) subgroups; and the control group consisted of patients with rheumatoid arthritis-control (RA-control) and Sjögren's syndrome-control (SJS-control) subgroups. Patients in the control group did not have any lung disease. Also according to radiologic lung patterns, patients were classified as UIP pattern or NSIP pattern for comparison with control group.
All patients in each group had been diagnosed at least 1 year previously and were involved with the study at the time of their periodic control, or invited by us to join the study. From patients' follow-up documents, their clinical, laboratory, radiologic, and functional data were recorded. At the time of their clinical visit for the study, additional demographic data, complaints, and the results of current physical examinations were also recorded.
Nailfold capillaroscopy was performed on all patients; none of them were in an acute phase of pulmonary disease or taking vasoactive drugs. Patients suffering from peripheral microangiopathies-such as diabetes, hypertension, or recent trauma-that could potentially modify the capillaroscopic findings were excluded. None of the patients were suffering from Reynaud's phenomenon.
All tests were performed and subsequently analyzed by two independent observers who had no knowledge about the patient's diagnosis. Appropriate informed consent was obtained from each patient and the study was approved by the Institutional Ethics Committee.
Capillaroscopy Technique and Image Analysis
NFC was performed at room temperature (between 20-22°C) with the patient kept inside in a seated position with the hand being examined placed at heart level for at least 15 minutes before the exam. One drop of immersion oil was applied to the nailfold to maximize the translucency of the keratin layer. Capillary tests were performed on 4 fingers of each hand (thumbs were excluded.) For each finger, two images (from right and from left side of median line) were captured. NFC was performed using a computerized video-capillaroscopy system with a fiber-optic probe magnified by x200 (Optiplex 780). Images were subsequently captured, coded, stored, and analyzed later by two independent observers.
For each capillaroscopic image, the following parameters were evaluated: linear capillary density (number of capillaries/mm), presence of megacapillaries, tortuosity, avascular area, neoformation, meandering, capillary disarrangement, and neo-angiogenic aspects (number of bushy and strangely shaped capillaries/mm).
Neoangiogenesis, or neoformation, is a highly tortuous and arborized capillary loop cluster, often surrounded by a dropout of normal capillary loops. "Enlarged capillary" or "ectazie" is used to describe the situation when the magnitude of a capillary is wider than 0.05 micrometers. Micro-hemorrhages are defined as the presence of 2 or more bleeding areas in at least 2 fingers. Loops with limbs that originate from multiple small buds are labelled "bushy." Capillaries with limbs upon themselves or that cross another several times are defined as "meandering." Tortuosity is reached with the presence of 2 or more cross-capillaries in a 1 mm area. Capillaries with striking atypical morphology, not conforming to the previously defined categories, were called "bizarre."
The overall capillaroscopic patterns were defined as follows:
• Normal: 7-10 capillaries/mm, hairpin-shaped loops arranged in parallel rows, absence of hemorrhages, tortuous loops, crosses, or neoangiogenesis aspect;
• Minor abnormalities: 7-10 capillaries/mm, less than 50% tortuous loops, arranged in parallel rows, with no hemorrhages or neoangiogenesis aspect;
• Major abnormalities: decreased capillary density, more than 50% tortuous, enlarged, and/or disarranged loops, with hemorrhages; more than 50% neoangiogenesis, ectazie, and/or microhemorrogia.
Statistical Analysis
The mean and SD of all examined fingers were calculated for quantitative capillaroscopic parameters in each patient. To detect differences between the three groups and six subgroups, the Kruskal-Wallis nonparametric test and chi-square test were used when applicable. A p value ≤ 0.05 was considered significant.
RESULTS
Patients
We performed NFC on 18 patients with idiopathic interstitial pneumonias (10 iNSIP, 8 IPF), 15 patients with CTD-associated ILD (8 SJS, 7 RA), and 17 patients with CTD without lung involvement (10 SJS, 7 RA). We analyzed the differences in morphological capillaroscopic parameters between the groups. Table 1 summarizes the clinical and demographic characteristics of patients in each group. Most of the patients were men in the RA-ILD, IPF, and iNSIP groups, while there were women in the control groups and SJS-ILD subgroup.
The mean age of patients was 56.5 ± 12.0 (min. 31, max. 85). Between the main groups' ages there was no significant difference, but in subgroups' analysis, IPF patients were statistically significantly older than SJS-control group patients (p= 0.01).
Most of the patients were never smokers (36, 72.0%). Only 13 (20%) patients were former smokers; 1 (2%) patient was a current smoker. The current smoker was IPF, former smokers were 5 IPF, 3 iNSIP, and 5 RA-ILD. There were 11 patients with finger clubbing; 6 of them were in the iNSIP group, 5 of them were in the IPF group. Between pulmonary function test parameters there were significant differences only in diffusion capacity (DL CO ) between groups and subgroups. DL CO was lower in the idiopathic-ILD group compared to the control group (p= 0.001). Also, the RA-ILD subgroup's and the IPF subgroup's DL CO was significantly lower compared to all other subgroups (p= 0.002).
Peripheral oxygen saturation was significantly different between groups and subgroups (p< 0.001). The idiopathic-ILD and CTD-ILD groups' levels were significantly lower compared to the control group. The idiopathic-ILD group's SpO 2 was lower than the CTD-ILD group as well (p= 0.001). At subgroup analysis, IPF patients' SpO 2 levels were lower than those in all other subgroups. RA-ILD and SJS-ILD subgroups' levels were low compared to both control subgroups (p< 0.001). The idiopathic NSIP group's was lower than both control subgroups (p< 0.05).
Capillaroscopic Findings
The mean capillary number per millimeter was 9.85 ± 1.61 (range 6-13). Figure 1 and Table 1 show the capillaroscopic findings in the main groups. Most of the patients with major abnormalities were in the idiopathic-ILD and CTD-ILD groups (46.4% and 39.2%, respectively). Half of the minor abnormalities (50.0%) were seen in the control group. All of the patients with normal capillaroscopic findings were in the control group. Because of the small amount of patients (not enough for analysis), we couldn't compare the differences in capillary alterations. The mean capillary number was 9.06 ± 1.83 in the CTD-ILD group, 9.72 ± 1.31 in the idiopathic-ILD group, and 10.9 ± 1.34 in the control group. Between groups, the CTD-ILD group's capillary number was significantly lower than the control group's (p= 0.006).
All of the patients with normal capillary findings, as seen in Figure 2 , were in the SJS-control subgroup.
Most of the patients in the control subgroups showed minor capillaroscopic abnormalities, while most patients in other subgroups showed major abnormalities (Table 1 ). Figure 3 is an example of a nailfold with major abnormalities. Between subgroups, mean capillary density was 8.28 loops/mm (range 6-12) in RA-ILD patients; 9.75 loops/mm (range 9-12) in None of the patients had megacapillaries, avascular areas, or a specific scleroderma pattern. Table 2 shows the number of patients with certain capillaroscopic findings for each subgroup. Table 3 shows the capillaroscopic findings according to lung patterns. Capillaries per millimeter were 8.7 ± 1.64, 10.1 ± 1.20, and 10.9 ± 1.34 in patients with UIP pattern, NSIP pattern, and in the control group, respectively. The difference was statistically significant between these groups (p= 0.001). This difference was due to the UIP pattern; patients with a UIP pattern had lower capillary numbers compared to patients with the NSIP pattern and the control group, (p values were 0.008 and < 0.001, respectively. There was a positive correlation between SpO 2 measured at rest and capillary density (Figure 4 ).
DISCUSSION
Capillaroscopy is a non-invasive diagnostic method used for looking at microcirculation. Nailfold videocapillaroscopy is known to be the best predictor of transition from a primary to a secondary Reynaud's phenomenon (17, 18) . Peripheral microangiopathy can be detected by NFC at early stages of disease. Between CTDs, NFC findings give typical information, especially in scleroderma, dermatomyositis, mixed connective tissue disease, and undifferentiated connective tissue disease-all are called a "scleroderma-like pattern." Such changes are not observed in patients with rheumatoid arthritis (RA) or SJS.
ILD can be the first presenting finding in CTDs. Before accepting IIP as an undefined ILD, NFC should be performed on this group of patients (8) . Also, it is recognized that there is a need to provide a clinical algorithm for classifying and managing IIP cases. This is particularly applicable when no biopsy is available and high-resolution computed tomogra- 
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Cross capillary Bushy capillary phy is not diagnostic (3). In our study we intended to discover whether NFC findings could be a clue for discriminating idiopathic ILD from CTD-ILD. Our second aim was to determine whether NFC could be helpful to discriminate UIP pattern from NSIP pattern.
The first result of this study is the finding that capillaroscopic alterations were more severe in the CTD-ILD and idiopathic-ILD groups than the control group. Most patients who had major abnormalities were in these two groups. The ratio of minor abnormalities was similar between groups. All of the patients with normal nailfold capillaroscopic findings were in the control group. Mean capillary density was significantly reduced only in the CTD-ILD group as compared to the control group (p= 0.006). In subgroup analysis it was determined that RA-ILD, IPF, and SJS-ILD subgroups had more severe capillaroscopic abnormalities. The RA-ILD subgroup's capillary density was significantly lower than that of the RA-control, SJS-control, and idiopathic NSIP subgroup. IPF and SJS-ILD subgroups had significantly lower capillary density than the SJS-control subgroup.
Our second finding from this study is that mean capillary density in patients with the UIP pattern was reduced compared to patients with the NSIP pattern and those in the control group (p= 0.001). The third finding is that there was a positive correlation between oxygen saturation and capillary density.
We categorized issues as major abnormalities when at least one of the following findings were determined: ectazic capillary, micro-hemorrhages, neoangiogenic aspects (bushy, bizarre, or meandering loops), decreased capillaries, or tortuosity more than 50%. A recent study showing the capillaroscopic findings in healthy subjects has shown that the most frequent morphologic features are U-shaped loops and tortuous loops, with 7-10 capillaries per millimeter (19) . Bushy, crossed, and meandering capillaries, as well as pericapillary hemorrhages, are not frequently observed in healthy subjects (19) . So, the findings that we grouped as major abnormalities in our study had not been observed in healthy subjects, however, minor abnormalities, as we described loops with less than 50% tortuosity, can be seen in healthy subjects as well. Giant or ectazic capillaries are thought to be a local auto-regulatory response to tissue hypoxia-the dilatation may present as the first sign of vessel wall damage. In the current study, 24% of patients had ectazic capillaries; most of them were in the RA-ILD subgroup. Micro-hemorrhages have also been associated with early vascular damage. The microvascular extravasation of the red blood cells is linked to damage to the vessel wall. The number of patients with micro-hemorrhages in this study was 12%. A decreased number of loops (< 30 over 5 mm in the distal row of the nailfold) is highly specific for secondary Reynaud's phenomenon. Loss of capillaries is thought to be relevant in determining critical tissue hypoxia (20) . None of the patients in our study had decreased capillary loops.
We found a positive correlation between capillary density and peripheral oxygen saturation. However, it is not possible to say that this is only a consequence of hypoxemia. Although IPF patients' SpO 2 levels were lower than that of the RA-ILD group, the RA-ILD group had more severe NFC findings than other groups. A study comparing capillaroscopic findings of IPF patients, systemic sclerosis-related lung fibrosis patients, and COPD patients with chronic hypoxemia found normal NFC findings in COPD patients. Also in this study, researchers found greater severity of capillary lesions in the systemic sclerosisrelated pulmonary fibrosis group than IPF groups. They emphasized that this could be due to different weights of vascular involvement in the pathogenesis of tissue damage from the two diseases (9).
NSIP is the most frequent pathological pattern in CTD-ILD, except for RA. Only RA has a higher frequency of UIP. RA-UIP patients have worse survival rates than all other CTD-associated NSIP or UIP patients (21) . RA-UIP pattern also has a worse prognosis than IPF-UIP, while all other CTD-UIP patients have better survival rates and prognosis than IPF-UIP (22) . In our study we found more severe capillaroscopic lesions in patients with UIP patterns than in those with NSIP patterns and the control group. Most patients with UIP pattern were in the IPF and RA-ILD subgroups. Between these two subgroups, the RA-ILD subgroup had more severe findings. In our study, patients with NSIP-pattern were in the SJS-ILD and the idiopathic NSIP subgroups. Only SJS-ILD patients' capillary density was significantly decreased compared to the SJScontrol subgroup. These results could be related to the systemic vascular dysfunction due to different pathophysiological mechanisms of the diseases.
Changes in microcirculation are thought to be a result of an imbalance between angiogenic and angiostatic factors. Also, the prevalence of a high anti-endothelial cell antibody (AECA) has been frequently associated with vascular lesions and activity of autoimmune diseases (11, 23) .
In a previous study about NFC findings in RA patients, more severe abnormalities were found in patients with RP. The diameter of capillary loops in RA patients without Reynaud's phenomenon had been found to be significantly wider than healthy controls. This was associated with endothelial damage in different mechanisms in these patients (16) . There is not currently any study in the literature that shows the NFC findings of RA patients with lung fibrosis. In our study, the RA-ILD subgroup's capillary density was significantly reduced compared to the RA-control group. Because of the small number of patient participants, we couldn't compare their capillaroscopic patterns. But the ratio of patients with major abnormalities was 85.7% in the RA-ILD subgroup and 28.5% in the RA-control subgroup. These findings could be associated with different intensities of endothelial damage due to disease severity.
In SJS patients, major capillaroscopic abnormalities are generally associated with the presence of systemic manifestations and Reynaud's phenomenon (12, 24) . In the current study, the SJS-ILD subgroup's capillary density was significantly reduced compared to the SJS-control subgroup; the ratio of major abnormalities was 62.5% in the SJS-ILD subgroup while it was only 20.0% in the SJS-control subgroup.
There is only one study that compares the NFC findings in IPF patients as mentioned above, and they hypothesized that capillary changes could be a consequence of systemic endothelial dysfunction, similar to other CTDs but a less pronounced form. The predicted cause was an imbalance between angiogenic and antiangiogenic cytokines, such as vascular endothelial growth factor (VEGF), IL-8, and endothelin-1 (9) . There is no study in the literature that evaluates NFC findings of NSIP patients. In our study, the NSIP group showed significantly higher capillary density than the UIP group, but the ratio of major abnormalities was similar (68.7%).
CONCLUSION
This study is to be the first describing and comparing the nailfold capillaroscopic findings of patients with NSIP pattern and UIP pattern. We found that patients with UIP pattern had more severe capillaroscopic abnormalities than both NSIP and control groups. UIP patterns due to rheumatologic diseases had sig-nificantly reduced capillary density compared to IPF and control groups. However, a limitation of the current study is the small number of patients in each group; therefore, it is difficult to make strong associations between groups. Additional studies are needed to better define the exact role of nailfold capillaroscopy in the diagnostic procedure of ILD.
